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ABSORBENT 

(57)Abstract: 

PURPOSE: To enable highly accurate measurement of 
internal information on absorption coefficient or the like by 
performing an arithmetic processing of more than two kinds 
of detection signals determined by more than two different 
distances between a light incident position and a 
photodecting position. 

CONSTITUTION: Light with specified wavelengths M and X2 1 
is generated from a light source 2 and selected 4 in the 
wavelength to be incident into the surface of a scattering 
absorbent 20 through a light guide 6. The light propagated 
diffusively through the absorbent 20 is detected with light V^>| ?: 
guides 8-10 placed at the positions of distances p1— p3 from " 
the light incident position. Photo detectors 12-14 convert a 
photodetecting signal into an electrical signal to be amplified 
and output detection signals a-c. An arithmetic processing 
section (microcomputer) 1 6 performs an integral 
computation of the signals a-c in a time area utilizing a 
signal (g) synchronizing the generation of the light of the 
light source 2 and computes measured values d-f 

proportional to the quantity of light detected. Then, an arithmetic processing is performed for the 
wavelengths A,1 and X2, the values d-f and values of known parameters p1 and p3 preset based on 
three kinds of relationship to calculate an absorption coefficient and a transport scattering 
coefficient with respect to the wavelength XI and X,2. 
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1 

W-*ftaWtti^r«ilMrafcllt^fflflW£© 3 •aK 
±©ttfcH*fc«:?v»T. »E«H«*SlSW»aLT 

«KL**#oi«ja5iiwi*«iB"r*, 
mmmb2] MEBr«ttft©m traa$a®iR#(*j 

g©ftTftD, 

oT#sn6mE«s«<R#©s i sfci*j«iMi©*iH« 

at, he 2 mK±©»-S(03tc»-rsi9iasB 1 5&i*gs 
isfcfflrefraft«#©tfG4rcj^cM-r« 

c t swat-raw** i fE®oma®iRft:©^gPi»s 
t, 

3 fiW±© JlfcSftAW&B-^fflfiBIWIlglKKttJS 
f S&fflfifiTN IMEttaaWM>rta*ttfteaLfc 

iMEBf***©*t*iauT. 3«u:©fl»*iMW 

»*«a»tt*±t«WM«ttiMB»a«#t© 3 

B9iBiiaKiR^©^gsifa*^ffl-r-5S#ffia^at. 
c &«4H^?«aa*«#©iWMimtf-M& 

B. 

MMWI4] ttBffi£&£©%l*. f&aKiR#l*lS&© 
ttTftD. 

MESBNfflMttt. i«a©IHEBr£ttftfcJ:SIHi 

ici o xff MtemaiKiRff ©is i ^Wffl5««©« 
mjaat, mis 2 &gu©aft©%fctt-r«ttE)B 1 * 

AffiinR«n» LfcMBB«a»iR#©WE»)grt»fcBI 

■r«ii«iT***2jji:rt»ii*©*ffl»it. egfrr 

£ t t-T 4IW6H 3 Gft©ftaa«tt©ftflMHI 

ftttsa. 

[0 0 0 1] 

*t>tt»*jfc*£#tti!©«awK#fc7Jtu *a« 



(2) &B8¥7-4 9 3 0 4 

2 

iR#©rt«ftisae«ufc#««(ttbT. aaaw*© 

WSP1»^*^S®}CH-»J-r5%>©T, aa*tt#©R« 
«ft^l»38«a#»©IW*fi. S&fcttttJ&RiRjSEfl-© 

«&©£S. *j«tr/-€-n6©«fM^ft:^SM»*ai:£ 
n-arrszii. *svi«rne.©tfsi©iiiss:iis«»*r 

£&T£Z> Eta«iR&© Ptitt®® ft MX S&tfgfilC B9 
T-5t>©TftS. 
[0 0 02] 

[fl6*©tt«*J:r«IWa««UJ:3i:-r*lim 

w ©j:9&ftaft«#Aff©an«ftt>it»iKaftft©«i 

»«V^H:mtftiR^©jUE©<*ttA:ffttK: 

«*v»<:3*»©*frt>ti»a* 
»*. *•©«£©£&*>©&. t©»©«ac##xtt 

I 5 > tbT-}gbT^f. BUSTS, 'UCioT 

##xit©s#**-rfc©(fr*. 

[0 0 0 3] -JKlC. ^^KWfrOrtWT^^A 
C«a. (KiR^nsfc*, itiib&K Ktt**WTft* 

fsa#Ttt. )tffl«»**«5JitBa^^ ttf±sa/£ 
^t«koT5>^A(cmasn*fcft. wnft^o&at 

•fit. ¥sa*fm**v»tt¥J«t**fc*tftt, us 

ftaifc&Ms ' ©&»<!:&*. £#&**&£©«•&, c 
©¥^gSff@«2miiiSaT?ft-5 1) . *&. fta©iR# 
■p»4*a«4)'©J5*fc!RCjK»t>^*nTV>*©Tf, 3t 

*»«aL.THtrtaic«:cT*«^i;, *©iatK:» 
UT**WMkHfcttk:i«fr*. 

[0 0 0 4] »aKiR#fijS©KW&lfc^«tiiim^& 

©fif^aijs©»»©se*SffitbTtt. anjtwwx 
*A»c*rr*aii3t**neEioi£©3i6« rawaa 

30 ffi) Stf-Hf •&*>©£. /"WXttAMtefcrrsSiittft 

©*ifts. cns©5-&. 99#tt<t<»p)nT^57> 

A-h • ^-;i/ttaiibert-Beer)fliJ&S*]13afrS!SBK 

ftffl£©Ma&j£fflT£ &©*><&*. cct, 

h- • ^-JH"JB. Kfl©!R^(absorbance.$;fcttoptl 
cal density) sPttflC^RttW*, *;MMk *<fctf 

t*«3^*««it»©»««icjt<fr« fe©Tft 

[0 0 0 5] tC5«t. «a»iR»T«3t«*»W* 

*G\ ftaKW©7tAltttBi:^fflfiBi:©B.^fi£ 
meffi-r*3fe©¥^mfi (optical pathlength) tf*. 

ma©iRfl£©®iK^s:y. i-«#UT^t;-rs. 

oT. «*©*IWl*-Si:«3t-r««a»«#K3l*'r 
•SK^SaSSTfi, £©¥ffll|^©«K*fttt£tt*« 
*#fcfB3gt&D. ft«liMfc&«V>tt&'liU&&©aS& 

50 V». ft®BB6 2-24 8 5 9 0, f«B«6 2- 



-26- 



J P 7-49 3 04 



Pag e 3 of 17 



(3) 



®M¥7-49304 



3 



4 



3 3 6 1 9 7, <$m¥2 -2 3 1 3 7 8fc£»4, 3fc»-fi fc»bT»JR«»AWJ:aai[© 2«H±©3K*ffl^T 

3j«-ffiT»« <h«t£ br»x*sajrr £ - 1 ©3tg&a£ u cvmzmz 2 afiu©3fcic»-r sis 



[0 0 0 6] ££, iR3t*«eoBfc, fc#**!^fl«#5*a©IWS»*bT* ©*K^& 

£n«-£tt£bTiE«T*E£fcfiHTMRse« »ixTfta«ft»*^B»^a«»^*LVitfi«-r 

3aSH±©»fi©*S«fflbTK3K [0 0 0 9] ±K©«k5K:. Sft*T?fcl»58S£W4« 

»safflbTVi5&», ^nf,^rtc*3ibT7tK*^ *h©5sm#«, ±E»»©jBi«©a* 

snftK ^mmm\zmm\zmm. tfcttbr, fl»©jWf*jSB 

[0007] K3eK««fcatJ*&tiae*stiiT?, /vi m&ww#to&<Dffltteft<Dm&nK*wm-zo\z+ 
xjt^snBtsttfflbT, aa#ssw4E#3K£KHw **iiaa*<ottjiffi^wjBiKB©«'«iHa 

^soto^m^co^wia^fii^ai^T^^iio a? **a£8»T?jS£bfc^fc», ^oiestbT*** 

BW©ttH;»»*>£BfcfcttbT, fHB^fSS^SB^tS «S#«««fc^**l«2:a:ft£SW6*fcbfc. #11 

**. *Rfc* /^X3t*«a»iR#fcAltbfci:#© ±«E<Z)Kig*»b</haf<bTai««ftSaf86*«rb^ 

sw«»«viBaii3esi9mfMwm'ab, »a*ffittt«8B*a«-rs2it*B»tr*t>©Tf 

Ot*»S*n5*8#H «ai:!»iR©«»t«to [0 0 10] ##XSJ{ 

T, «6*:StJ*S-rs-fi^«S^<fi^i:&S. Pat t 1) B. C. Wilson and S. L. Jacques: Optical Reflect 

erson 614, ^— &&a®W#G0^x;l/£#;iT* ance andTransmi ttance of Tissues: Principle and Ap 

X5tAlt^-r§ffl*m^^fitW^i6fc 3) o Patter plication, IEEE J. QuatumElectron. , Vol.26, No. 12, 
son 63»«*»fca3»«4A**ffl^©a*CDRfMa«tt, 30 pp. 2186-2199 (1990) 

JQ— ftftafRiR#:Sffl^fc*»"C»6nSjfi*i:SK— 2) I. Oda, Y. I to, H. Eda, T. Tamura, M. Takada, 

SrTS. tt6*«ttf*H©58W#6©IHIkJS*t±n R. Abumi, K. Nagai,H. Nakagawa, and M. Tamura: Nod 

\i, ttaSftK#SI(|jfit*5RiRjS5>©!!8iRfllRf4* ±13 -invasive hemoglobin oxygenationmonitor and comput 

©#B^**+5HCiiSbfc£#. O*0+»WpM*<»a ed tomography by NIR spectrophotometry, Proc.SPIE, 

Lftt£<D&M<Dm& m#ffl r^^^nso l& voi.1431, pp.284-293 (1991) 

U RiRflR»**»*«»©3t«#*«+»tC««bTiri 3) M.S. Patterson, B. Chance, and B.C. Wilson: Tim 

£i&3S0*ft5£^3££l4, ^^/W&5B*C&££:^5 £ e resolvedref lectance and transmittance for the no 

ttW<BT?ft5*6, SWaMM^B^IftaWJ* (SN n-invasive measurement of tissue optical propertie 

it) jWKfetJ, j&««fca£«»Wi*?"*©T?* s, Applied Optics, Vol.28, No. 12, pp. 2331-2336 (198 

mfc?&zttfiBMT»&. sk±<Dmz^m^(DU»ffi 40 9) 

^"ftlfc, «-«»«*Cf:+»-C*«>. 4) M.S. Patterson, J.D. Moulton, B.C. Wilson, and 

[0 0 0 8] S6fc, «aR«#fc»bTffllE2«l[*» B. Chance :Appl i cat ion of time-resolved light scatt 

3ta3fe<Z>JSaS*ffl"fSfe©»4, *0*aT*RIH38«» ering measurements tophotodynamic theraphy dosimet 

**^t)«a!R«#©!R3eSM^T«, ©3fc#&(e ry, Proc. SPIE, Vol.1203, pp. 62-75(1990) 

xtinction coef f icient)**£<8±, ffifeW3LW&tMM. 5) E.M. Sevick, N.G. Wang, and B.Chance: Time-depe 

tRftoat&O, ^*T63&«H»©/^9^— ^fcbTBED ndent photon imaging, Proc. SPIE, Vol.1599, pp.273- 

a*>tt*a>&. *os*Tr»4«atRiK©*»*»iib 283 (1991) 

T«iR©»», 01 A««iRffi»S«ffi-r -5 - ttflf*im [0011] 

t&s. -tjirafttt. 2*fijwta)eoiRaswfflb m*m»**ttib0¥m *H©»w©*a!R«ff 
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(4) 

5 

jgbfcfrb^ftiL o*9ffi?H6.B©;>frWaaK'Kfr© 

mmmn i»mm fc**©iEM©/x5*-*fc©i«© 
[ooi2] -rat)*. *B©»w©*awK#©i** 

ttMttff^tttt. (a) ffiti»-£©%«ftaft«#CA 

wu (b) 3asi^±©gfc*ftAi*&B-fttiwft j» 

BfflffiBilcttfc-f a&tti&BT. StaKiR#©l*JS6£ffi 
«6»b&W^*to***ttibT3«£U©»*«* 
fib. (O Bf**ftO!>3t39»*n*mWRe«L.Tl(«H 

ttstaar * t*©«^iR#f«jfl!)jiHRe««*fc:* 
it*«aira*±t««^fci(MK4MH«#i© 3 tjh 
±©Bi«fca^v>r. ^mm^^iH^MabTsaKiR 

[0 0 13] u^t, 3f^SS©3tB«aKiR#l*J«8© 
fc# bTKKflMfctfAfta 2 SIS£Jl±©3t 

r&o. s^aaias©^Sfit«t5tffl!fcj;o 2? 

e>n5{Ra«iR#©& 1 ^A«tt«©*tua92:. 
2 «*«£©««-©*&:*«■*» 1 XfH®mnzmm b 

rt«««0«Hi»afcT*.5. £<!:£!ftfSti:bT*>«J: 

[0 0 14] *^W©«a®iRff©rt88^th 
MttBtt. (a) Bf>6»*©3t*»tr*36»t*S 
t, (b) R«»fi©3fcS«a*«#fcAltStt6#A 

(O 38?S«±©£&5ttA£feB-ft& 

*a«e«bfc0f3tii[*©3tt*iiwttb-r. 3aeui©ft 

i»*»1ir«3KtWH^Stt. (d) Br}fcifcR©3foWE-n 

rt©i^fi«tt»fc*tf*«a(»tt*J:tflR*»tttflt 
E»aiflr^t©3^a±©BM»fcai^v>T, Mum* 

jt»MaUT®ta®iR<*©(*I«?««S:^ai-r5}S#J!ia 
[0 0 15] r^T. F9r£&£©ft^a®<K#[*lgB© 

KHttt9»iWH©9r%tt«k:J:«ttnK:i:? 49 

T*sn*fta»R#©JB 1 «A«mR©«tuffl9 

2 a*H±©«ft©*K»-r s» 1 #rt«ini*ffljii b 
fcfl^«#©iwa»jej^cHr«tHBT**jB2 jfc 
rt»«w©wmaatft«ffT*. ctsttfttb-rfe 

[0 0 16] 

[tfufl] *H©»n©fltagMKff©ntfiiififffli«t&& 
a««tt. KatK«©iWftSfta«»6«aR«#© 
cj«*it«fi»b&**«aiWi#©*i-«'ei»JEL,. * 
©■*««waaLT«a*«#©rt«iiMi*ii«r 50 
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». cot*. fta»«ttAa&ttfte»r«%©s« 

»v»*J:tf-t©||«T**«^*0«IWmBW. ft 

a«K#rt8B©ita&#^«iK«#&£©&St-S>ig&K: 
«#T 5 £ <h£fijffl bT. 3 8SU©Afc*>ttAi*{£B 

-3^wttttBiare««Lfc3aBUi©«uiw <» 
Mfit) ^^Sffla-rs. !i!:TrfHii*n«rt«iiwi»i. 
«aKiR^©KiR«a^ia^fta^fsa gcwwrr* 
d> s&icjm&swHaabT. iteftaa#-ett£ 
«««»©»*R:«r«ii»*ttir*inir*c ta»r* 
±e©ttM«n-n«Mi©#>mfTfTX.M:i'ia 
imi©ffim»*, *&. w-«wcjia*»Mfctt*f 

[ooi7] iDAflwawHTat, #si©89!©;£ 

&:fc<ktfgBTtt. ffi£%ft©%£ftagM!ltt£Air 
b. 3a»±©Att«XAttAV-XttttlftSmiBIIK: 
*«a»*#©rt« £5£«tteiK b fc3K b 

t. 3WH£i±©ift(BA# oh-mb ^«ft, 
fflrEBf ««*©3ea«inEttmffiafcitftfi« b rmm? 

S££©Sta*<fctf®'K£:. i3EtftU«# (ttMO) £ 
© 3 ^fiLh©»S«JflHciBrJl»T. ifrfS 3 as£i±©tt 
HiflH» (ff-Mft) £R»©/*?*--*i:**JMiab 

-**,i:tf«aiM#©rtiw*&©«*tt. 

[0 0 18] SSIC. »&©S&SB>r£8tft©tt£<£tf 
bT±JB©IHI*frK *©»£. ftaWRttftffi©* 
)6»|R*» fcatT*R*fl***Afc* J: 3 KimEBrlttt 
M^S^t, ftaft«^tt©4raft«U9^©tt«tt£ 

Mrawe**. *s©^wtc<t«.tfa'jTttasc 
©*fifc»-r*«ia«a«ftt!R*fl«*wii*fcfiMi 

-rs £ fc#T?€r 5* £>. SE*©«aKiRft:C»-rs 2 St 

gSHKiHffl-ett^iatrei&ofc, 2^©stfi»c»bT« 
afl«#Afc*im*«V»tt»*©«£T<b. ftasw 

5 fttf b t» 2 ttftftXttHli. «W fimttttffoaft. 

'\ ; e^atf>©isiRffifiig. *«fctf;sn&©2iH##* 

[0 0 19] bfc*»t)T. fla^bfc^*©K)tSj||^lC 

2 Kfi^En«iz«tt« 2 iitfim©ftaff ffc©s©na 

wiftsn. ffl-a«««qrb<i^±-ra. set. *is 

tttfl©#©^wffl»fii*th«-rs^T»<&*^. sb 
TflBmosattfec, jt©PJffl*««iRj±b 

T«fcl9lll]iMH<ftD. fi#S*IMFlfc (SNJt) felRjJi 
fa. cn6*6. *«©SWC±oTS6fc, 

^aiftfroAcflartroK^S^i:©*-^ u >^*a 

[0 0 2 0] 
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mm\ztawtz. a*, hw©kwk*v>tw-©i{* 
C0021] ( i ) iaa&iK#<orti8Mii «tni#& 

a* saute* u *©-*tt»BfctUT<*. oso. 

ffl-rs^td^trs. *i*.i2Hi». staKWwe?© 
*«!>««»^ft*ufcHT?*D. faaK«K&© i >a\zyt 

*AWU tt©A-?ttft% CE#r*) tttfflfSflH 1 * 

«aanTB«±«fcjK««*i9», ;i©0t-i4. >t&ffis§ 
s obi a. sniioM-aiicwwans^ojMiftwu 

[0022] c©£3ttiraftattAtt©3E©S«itfr> 

(4. #S£I&S!1& (Photon DlffusionTheoryHcfcoT, 

©ftftffiSa'&IC.fcftti, «a»X#fcAltenfc3fc/W 

Ka©jRftrtesT?ffia. ft«3n&tf&tofte« 
-f stele. ^;i/xi|b«»je*»"3T^< ;r taii^sn 

It. ft&!fttt*©*lf© 1 A (P = 0, z = 0) 

AWLfctt, ap (p. z) Tfl*tH3n**:3*D* 
«a® ©a® t*i.«Ttt3e«iw«#«E i> a v> * 

i a 
c at 



Patterson 614, Affitt©AJfc!R*fi)£L/TC 

©«jMft#**&-*-#BtiW8u citi^swsnsa 

ttttfc$ft©$IM&#>J: < -SrT* C £ fcSS&U'O* 
5. 02TI4. £©Affitt©A7fciS£OEPA (p = 0, 
z=-zo ) lCiSAUt*5. 

[0023] ttaftwt©rt«*ttikeirrs% 

? 1<@ l<@©S£iiW4. nvtfa-^SfiJfflbfc^EV 
■r^jJl'DvSa.U— va > (Monte Carlo Calculation) 
10 lc«fcoTj5W, *Wf«Ct*JT?*«. Sfc. $ 

©*§*. *i^-y>^;nci5*K^*©raici4, -en 

*fcsM.T*tr». *&. *M©9t91#icJ:«&*©tt 
*f. *8&. ttlt, «J:tfS]&©3&k:BU>fta!ftRtt 
rt«©*©S*»V»©**f. S&fci'T-fc. StaKiRft 
20 ©W»©3t©«*ilVi««Jta;ti*SSCTiE*fcBBj!ESn 

[0 0 2 4] ST. H±©£3ftfta!fi4!ltt©ftffi©3fe 

©«*»v»*BjQvr*3ta«asatt. «w.tf. 3»« 

(fluence rate) ^Sffl^T^roiatEaS*! 

[0 0 2 5] 
[ftl] 



*(r.t) -Dv 2 rf(r.t) *(r.t) = S(r.t) —(1.1) 



[0 0 2 6] Cr-P. *T£*£) 

0 (r, t) :ftir, t fcfcttS^KfMsa lu S (r, t) : ftiS Kfrf/nm 3 -sec] 

ence rate) Ot^/mm* • sec 1 (IL, r IMi- HP "C*a. 

t**. ) [0027] -f wwa^ttTV^Bft-caatt** 

D :ftffi|»&ft (diffusion coefficient) (m) S. HA (r = 0) IC t = 0 ©t#Alfr*3t'f >'VV 

u> : KJRISS (absorption coefficient) [mm- 1 ) XI4, *©«k5l'^3ns. 

c : ft&ftg#rt«©3tilrJE Cmm/sec] <JB*r*lcj:?X [0 0 2 8] 

S (r, t) = <5 (r, t) =6 (0, 0) =3 (0) • 5 (0) 

- (1. 2) 

lft*t>T. -f >/W*ftAWl£ttT£ftffifR#g5S;i4 ★ [0 0 2 9] 
^©.fcSlCfcS. ★ [ft 2] 

-jr-A-^tr.tJ-Dv 2 *(r.t) +/ia.^(r.t) =8(0.0) — (1. 3) 



[0 0 3 0] r^T, 5(0,0) tt* JSj«(r=0) fct=0 CO as ' :Hi£{a§Lfl*& (transport scattering coeffic 
iSAttf*3K^>/WXTft*. lent) Cmm- 1 D 

[0 0 3 1] Sfc, «aR4X#tcBT*a^©3fc^* air (transport attenuation coeffici 

ent) Cmm-O 

us : (scattering coefficient) [mm* 1 ) 50 ti*tt : (effective attenuation coeffi 
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cient) Cnmr 1 ) 

g : WllLft 6 c o s 0 ©^J^fit (mean cosine * 

D= [3 (in +/xs ' ) ) = (3utr) M 
Us ' — Us 
U^T—U* + Us ' = tti + (1-g) us 
M.fi = C3 JU. (tf. +/Zs ' ) ) 1/2 

= (3//, U. + (1-g) u> ) } 1/2 

son S**iftl,fcJ;<5fc* B2fcST«k5ttftM4©j&3fc 

ii^eg (p = o, z=-z 0 ) KKcfe^asn 

TMikT&* £©£<hl4, *H©589I#S© ; £>5 1 *;i' 

[0033] ±m<Dm^^vytmm^n^ <i. 3) 

&#^T, »aRJRft©«ffi©ffi*©&1I (p, 0) ic^ 



*of the scatteringangle) 



(1. 4a) 
(1. 4b) 



(1. 
(1. 



4 c) 



4d) 



Dtp/mm 2 • sec ] £ 



^£tt£^ft*|R (p, 0, t) 

R (p, 0, t) = (4ttD) 3/2 zo t" 5/2 
Xexp [- (zo 2 + p 2 ) / (4cDt) ] 
xexp (-cm. t) ■» (1. 5) 

[0 0 3 4] tfcffi^Ml [p] \ts ±IB©R (p, 0, 
t) S«pWa»L/&fe©Tf*S)^S, 
[0 0 3 5] 
[S3] 



I Cp) =J 0 R(/>. O, t) dt 



(1. 6) 



[0036] tasn, ccoscttai»4iic*ffioTTE * [0037] 

©J: 5 iC»< £ 4:**Tf# ★ [ft 4 ] 

1 C/?]= 27C[zo 2 + > o 2 ) 3/2 

x expC-Meff (z 0 z +yo 2 ) 1/2 3 

[0 0 3 8] I [p] ©S^Mft£<h£<h, TV [ft5] 

[0 0 3 9] * 

In I lp) = In C zo / (27T) ) -(3/2) ln(z 0 2 + /> 2 > 
+ 1nC/x 9 ff (z 0 2 + yo 2 ) ,/2 + l) 
-Mtff ( z 0 2 +/> 2 ) 1/2 



— (1 .7) 



(i. 8; 



[0040] Liz*, ifc^x, zo #Hartrcs* 

iHMftl [p] «J:9ffiflfipft (1. 7) 

*fctt (1. 8) 1&ZR\LT, MK»/i t „ S 
0 311 £ ©<fc 5 ^tffi'Jffl I 

[p] t*ffliB(ipfc©B«£s-r. ws ' 

= 0. 45, zo =1/0. 45tU tf. 40 

[0 0 4 1] ±SBU& (1. 7) 

(1. 8) 5£©z 0 tt, ^RElCttzo ' tteZ* 

Z(DZt\$, #©«*#*tt««fifc3»rr#$. ^£ 

"T*. r©i§-£, fflE©«#*#K 02^L 

Py^alz-yaXCcttlil zo = a/ (u * + 50 



«fa, 0. 3<a<3©(BBfc**Efcj^BSftTtr> 

So 

[0 0 4 2] SSfc, «a»iK#fcJCftA»f*t*, 

*sviW»a»iRft^63i6«*aiifr«t€r, wsa*©* 

MS* «AttaBf©»fiJHa:t*"e©»iK**^t, ffiE 
© (1. 5) 5£T!«3ft*3fl3#R, (1. 7) 

^ (1. 8) SCT?*Sns*ffl36»3»«. ±IB©MStC 

m^Wo ifc^ot, tMBflif (ttfiifi) \ttrttkm 
s©a*»*fcH*b&ttfcfc*. ^©»^4 
#a> ±E©3e*«*»t*»T*Asc:t*«-e#5. 

[0 0 4 3] JKT, £©<fc5&3fc««Pa3»£T?fc* 
E©<t 5 &*««©«*•* n t1"<5t. tt-a!IMQJ4 

(i. 8) aa*s. 
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(7) 

[p] =ln [tjzo / (2 tc) ) - (3/2) In (z 0 
+ ln ititu (zo 2 + p 2 ) 1/2 + 1) 
-Jtieff (zo 2 + p 2 ) 1/2 
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12 
1 + P 2 ) 

(1. 9) 



zo =a/ (/it +as ' ) 

££&T$>D> a»no. 3<a<3m 
[0 0 44] ±EaSrS»t#^-St, (1. 
9) ^, > /is ' , &^7?C03i@T^ 

*BWHIE(»p*3^H±©aas«fc«)ELT* 38& 
t^tticft*. ±E©J;5fcK*» 

coo4 5] H4«, *n©xn©fta.!RiR#oA«* 

InQ [pi ] =lo [77 zo 
+ ln in tn 

— II til ( z 0 



- (1. 10) 

*JR#(C2tLT, flr*©**©3fcft«vvc. H4fc>RUfc 
«k5&gfc5 3 8©&ffl!EatT^aLT. MEftMl 
Q [p] JJTFTtt. JtMt«t«t3tt«ttH 

4M&©E«*¥&|ftffiEII£*.S. n*, ^mieaip 

q [pi ] :«mffi«p. -eon-asffl 
fcmiESiP* -eoim* 



Q [P: 

Q [ps 



[0 0 4 6] 

(3/2) in (zo 2 +pi 2 ) 
(ZO 2 +P! ! ) 1/2 +1) 
2 +pi 2 ) 1/2 -(1.11a) 



/ (.2 k)) - 

2 



InQ [p 3 ] =ln in zo 
+ ln in 

~ fl til (zo 



/ (2 7t) ) - 

2 



(3/2) 
(zo 2 +p 2 2 ) 1/2 

2 +P2 2 ) 1/2 



+ P2 2 ) 



InQ [p 3 ] =ln C 77 zo 

+ ln iu t f i (zo 
-Men (zo 2 

CoaSbSrSjS (1. lla)75S(l. 11c) (K 
ft. I»IT (1. 1 1) tfcff-K) £#}fiS-f-£3g© 

sea, -en^na^r^o, *t3*«»fcu.> us ' 

»**^tt»j036rfttf»)ELfc«pi , P2 , £J;tfp 
» Sfflt^T, 31@©*ai&a. , Ms ' fccktfu. 

(1. 6) (1. 7) sjfes«*n*3»©*n 

fc» D3»j|E»*tUTaoaAs»-&fcii, (1. 1 

i) jc© i: f > ©tt*©2t3©ic*6&*aii*S3S, 

(1. 6) £fct4 (1. 7) St*>&«)M'l*2«© 
[0 0 4 7] SSK^eofWC, &fc£SgAi tA 



/ (2tt) ] - (3/2) 

2 +P3 2 ) 1/2 
2 



+ P3 2 ) 



1 1 C) 



30 



In (zo 
+ 1] 

- (1. 1 1 b) 
In (zo 2 
+ 1) 

+ p 3 2 ) " 2 - (1. 

w,.' £/t,i' &*»5Ct*»T*a. Ufc^oT, 0U 
A«*t . 1 / u. 1 ©ffifr£'VE i^D tf >©gSftfiSSlgft £ 
tJUUTactiJUT**. £©<k5fc2«g#}fcfh8!iT 

©>t. ^*D70flnm*61. 2 /it m©«fi©Jl£AtJ: 
[0 0 4 8] zzrmmtiztte, *a©»M»cj:*tt 

Tfc. *S©%Bjjc«k^tfiu^^ t ktXg@|cioTM 
«©*t»tt**«T?**. C©J:5C. *IS©fSW»c«t5 
ttW»tt**«»4, «£*©2iSfi^Wjffl©3iffl«5a& 

[0 0 4 9] %ttttfll«©ff5HB«Mffl 

■f*©T?, AStT^Jt/^X©^^^^^©*)©^ 
50 ftoTfe. S»«fW!5 , t«ST#5'&©-Ca>.n«. 



40 
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a«±©ftffiiEi§TtfOT"ttft s6K:«-*«»*ftisi± 
[0 0 5 0] *&a±T?it tni»twaiB*i5fta i<? 

SS££tt, Mj*U&Sevick6*«eU)t*a ^ 

[0 0 5 1] *&, ttttMEftpi , p 2 45J;«P8 fcjfc 
exp(-d^eff ) 



'«H*fcV>i*tt, &a®iK#©iTO<li 0fcAtt»i*fl*l 

■rafi#«i©3iH) *js*#s«£ai«±3fcs 

2©ft«tttiEtttt<D^3e»ft»A-rnttJ;Vi. £©<h 
HSWtcB, C©ffl2©fiSte£lE«tt©jS3fcaB© 
*«*»iE-r«fc»k:, a&fc*3©ft«ttfcIE«l© 

T3jS#«©ffi*3fc^©J««. ^©JU¥W£oT&$ 

S. £©«£> SB £B© (1. 5) ;£75S (1. 9) a 
tt, iilraL&ftatttiEttttOjajfcH©**^!!^-*^ 

*©R#»*.*«*tT, *»*©*^#sc©asttt*£ 

[0 0 5 2] *H©XH©ftH;&tt&&Bi;t. 

X77tt©tmfc»ffl-r sttfeT*, ^©tt^SHe 

K^T. fc£U H6T?tt3 0©ffifl^6JttSA»bT 
lfiSBf3&>63tSAWUT*ffilE«l©aa:^3« 
Hff-Cttffil/TfcJ;^. 3ft*. X^:/tt©a»©»&l;: 
tt. 3fctttfcfrg5C (1. 3) ^SftMiStt*. ^£ 0 
f§8*£© (1. 7) sCfc«3f*j£HU tttHE*«d^l/ 

mk\£* 
[0 0 5 3] 
«6] 



I Cd ) = 



27Td3 
3zo 



{ ( H-- s ~ s -)CAttffld-zo) + U (d-z 0 )exp(z 0 ^eff ) 



- ( 1- 



3zq 



d ) C^eff (d + z 0 ) + 1) ( d + zo ) exp(-zo Meff ) } 

— ( 1:12) 



[0 0 5 4] *fc, (1. 9) jtfcfiS-r^SCB, 
Q [d] =7? I [d] 
ifc*. t^5*«, cn6©i« (1. 7) SM3±tf 
(1. 9) SC©iC©»*«t)ofc«:», o£0*MH> 

H»*©ft**Hi;T* ^7^-^fcH-T?*^5, ir 
E©»^tHttfc»*ffl3i-rS2:t««T?#, «HBtB« 
©lB***fiSn*. UfcAtoT, fl»EfcH«fcbT3fl 
©fHBHBfcK»©«lpi , P2 *±tfps *ffl^T, 3 

T/Xeff **«6SCt*tTf*5. ft*. a*tt77^zo 

a, tta©2r?©as&a©a5i*eic^6/t . . 

&*2:3©ft*©3fc£#iJ/HLT* 'VE^D £>©«*» 



•» (1. 1 3) 

[0 0 5 5] SSK, «±fcRWbjtJ;5aiKa»iK# 

40 S5K©3KI»fc»'5««©¥^fi"e*S. l/&Wot, 
mfftttfH 4 7K Ufc*Altfea-^fflfirfira©ffiil> 
*S^ttH6fcSL/fc3ftA»fi:«©WIH(citttbT, + 
»tlc»*lTVJ5Wl:lt #a©fMlflt©ftn»« 

s*-ctt**#«i»E©tt**jitt*BiHfcfTAiar, 

WErt***©WBH^*tt*T*2:i:«^c*. JSSrtK 
So K±©±5&*'&©IB«ft«»J&:£tt, /tU, x 

50 fcuffsn*. 
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[0 0 5 6] ft*, KTK*H©5fiW©*«ltt*S-r 1 

<. B9)4©@4»cSbrtJ;5ft^W* I 5«)5ma©iR 
fcttiStiSftft^a (1. 5) 



**«. ^©.fcSftfi^lCftLT. ¥*^Kfi<L>. o 

[0 05 7] 
»7] 



< L> = 



c J 0 tR (/>.0. t)dt 
Jo°R(/>. O.t )dt 



_3_ IfHt /as') (z 0 2 + /i 2 ) 

= 2 l + (zo 2 +/» 2 ) ,/2 M^f 

[0 0 5 8] <h&£. 5S$n. <L ( tf . 

[0 0 5 9] tfrtsisnc^-ragiPwafittL, 

T. At j ' = 0. 4 5 for 1 ] , zo = ' , * 

fcftai*ffibTp = 5 0 Cmm] tf. #0. 0 

1*50. 0 2\z%ifrrz>tZ<D¥-i$%.®&$:Z:n?X 



— (1. 14) 

0. 0 1) >£<L (p.. =0. 0 

2) >t-rntt. ¥i§3aifift-st»rr*t*«)3F 

[0 06 0] 
[»8] 



<L(Mi s 001 )> - < L 0.02 )> 



< HfJLX »0.01)> 



= 14 (% ) 



x 100 



•- ( 1. 15) 



[0 0 6 1] Ifc^T, JtKfi^-3tT*-5 

i:(g^UT*»fcK^att, 1 4%@g©gSg£-&tr;: 

T«»MatT^5©T. ±B©8Sg£fc<-f eta*-? 
#5. «±© x?:/tt©«gwiiMt:*iHrr* 

[0 0 6 2] (1. 2) WRIffBfflfHBfc&H; 

[0 0 6 3] (i) ^ifa\iyom.mmim<ommi3 
m ★ 

W»l = £Hb.I CHbD +6Hb0.1 
ii»2 = £EI>.2 (Ht>] +£Hb0.2 

<IU 

£ib.i : il7cAq&^Ptf>0^fiAi Idfef-TS^WR 
Kffift Cmm- 1 • M"0 

e ab o.i : &ft'Vt^Ptf><Z)&gAi K3fr**;Hft 
iK^S Cmm- 1 ■ M" 1 ) 

JR«* Cmm* 1 * 



P-A (cytochrome ^fc*5<fctfil7C / \ ; t^ni tf 

5. iS*^«MB*TO*t?H^P-A<DKJK»i. Kit 

[0 0 6 4] &±l;:#LT* ^S, RfiAi £A 2 ©2 

[0 0 6 5] 

(HbO) - (2. 1 a) 

[HbO) ••■ (2. 1 b) 

*K$& Cmm" 1 • M" 1 ] 
CHb) :«^*yDfcf><D*;MB& [M] 
[HbO) iMfc^lfnVXDWmm [M] 

[0 0 6 6] £ET?»*fiftflmj, 



Y= [HbO] / ( CHb] + (HbO) ) - (2. 2) 

[0 06 7] 

Un/tfi2= [EHb.i+Y ( e b bo . i -Eflb.i) ) 

/ Cf Bb,2+Y (CflbO.2 -fiHb.a) ) — (2. 3) 
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^Dtf>0*;i/i§ffi (Hb) , Kft;A^//ptf>cD ; e;i/ 

|§K CHbO) , -N^E^DlfVO^VBflE [Hb] + 
(C&Sifcffc (=8 0 0 nm , isosbestic wavelengt * 

/Xal = £Hb.I [Hb] +£Hb0.1 
/li2 = £Hb,2 [Hb] +£HbO,2 
Ma3 — £Hb,3 [Hb] +£Hb0.3 

(jUal -Ua2) / (M.3-Mi2> 
= [ ( £ Hb, I — £ Hb. 2 ) 

+ Y ( £ HbO, 1 — £ Hbo, 

+ K (ai -a 2 ) ] 

/ [ ( £ Hb, 3 — £ Hb, 2 ) 

+ Y ( £ BbO, 3 — £ Hbt>, 

+ K (as -a 2 ) ] 
fiU 20 
K=l/((Hb) + [HbO] ) 
ifc*. Lft#*oT, ai =a 2 = a 3 £:fc£«k5l::S 

5^-^<Z)fii£ (2. 4) 5t*£V>tt (2. 5) j£\Ztt 
AUT> (Hb), [HbO], [Hb] + [Hb 
O] , »ZWtmi&Y&jtti>ZZt1fiV%%. 
±iB<Z>*#ai =a 2 =a 3 Kfc ttMMrc*-6£*fc 

[0 0 7 0] ( 2 ) fi»RJR#(0 AffttfRgfaiSB 
(2. l)Sl(D$Xf!ll:ffb«KII 

>fcZ<D&qia>m%fr*> 7 0 0 [nm] £U:©#**J:^. 
V-1f-^^-H, HeNe V— tf— ft^a^OfeO) 

[oo7i] %B2^6ox»ttfia«S4TttfiaK 
ooanrfcxitsn*. 



[0 0 6 8] (ii) Ay^7£>F»JK#S£»£ 

[0 0 6 9] 

[HbO] +ai - (2. 4a) 

[HbO] + a 2 »• (2. 4b) 

[HbO] +a 3 - (2. 4c) 



2 — £Hb, 1 + £ E 



— £ Hb, 3 + £ Hb. 2 ) 



(2. 5) 



- (2. 6) 

v». £©(§•&£«. £»©*>i^ f^sijjsma/p^s 
[0072] 3tt^tf-r f 6 tmrnms. 2 0 ©m©smtt, 

#2 0 2:»l£«LV)JB«T*j:ttaffjR«<&?««(^i; 
U-tt*# OUT, <f>*-7x-X;»i»M0 £S8fc 

*&, f&3L"RiR#:2 0 oajSKthPIMCft: 

5. 

[0 0 7 3] Ml«*2 0©ft$£«;ia£t8bfc7£ 
liiHftAMffi&^SJEHpi . P2 fe«fcO!pj ©fe 

[0 0 74] ®l©#»lfl81 2, SB2©*»mi8l 3 
* .fctfm 3 ©XttffiS 1 4 fi. tttB3ftffi*««ftflre 
t*«l/TiMIU <*Uf*ltWHflM»a. b*«fctfc£ 

?«««©«*». 7*h^-f*-H, 7/t7> 

■>i7* h^-f F, P I N7* h^'f^-Fftif. 
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tfflH»tt**>oTV>ntfJ*K JMWjJWC* 

•a t * «iSf!i«» « v'ttftniftoxtfcfus &ffiffl-r 

•ra«IJ6CUT*<!ii:*qi*U>. MIW 

tt, ftttffl88l2. 1 3*3j;r;i 4tfKaK«#20t 
©fflroasrctfcllfcRKWl?-^:? <HjRttf) £A 

[0 0 7 5] StSiSSgR 1 6 tt. Sgl©#8*tti8§l 2. 
* 2 CDftttftiS 1 3 *i«fctf|g 3 ©3fctfcttiS8 1 4 # 5©ft 

Utf|*a. b«i»cS«WIUT. znztm.mit 

kb. winaffi 1 6 \mm 2 wim 

£©if$M^g£#ii&-rs;:t#T#3. 

Offfc, &&Ai tA 2 C*tUT, H-SJfild. e£<fctf 
=7*-9px . P2 *<fctfp 3 ©fit*. fflj£L&3ji 

©HiSfca^TJwwaaL. maMW£©ftgBfi?8-3 

-f £ an fCigjSfc^frTS £ ttf»T£ 

.1 t/i.2©fflSrffl^T. ®£®JKf£#©iB,g£t'£lCttl 

[0 0 7 6] «±©«-&. £fc**fi©3KSI9#SiJ-e38 

*ft«ffl-ra*ffit«>*S. #lttttftftfigtt¥R2:b 
TB, 3?-*m>fc3fce-AWDiM.». 74*9- 

*.l§fct*£fijfflf £#8; (08 (a) ) 
»fc««ft©**H*ltt©K-.M;:l,T. ^AW^©it 

V>tt*©**Tfffc*a**#ICAJ*UT (08 b) , 
iilB?ttttflS©it M ICR ttfc 7 JP* T&gS 
D?tS2r£ (09) . 3 6ICi26fl©^{Htt«ffl<r>? 

[0 0 7 7] **4#tei£©«a«iR#K:x«i-*#R 

tbTB. H7fcjRl/&*#^ F«ttJBi-**tt©l!l 
K. ftttl^X (010 (a) ) , 3t7r-f/t- (01 
0(b)). (010 (c) ) *Wfflf*» 

&. W*^9«)J:5fc#:i«i*»S^lti-«»* (010 
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(d) ) ft tt9A«#©|'iflS«iMR«( 

fc*2f-f H*fflV»**ttBWHc, lt»tti&-r«^£ (0 

11 (a) ) . Jt7r-f A-*ffl^435rjS6 (0 1 1 
(b) ) . (01 1 (c) ) ftt*# 

[0 0 7 8] %4fcttS?ft&n«ft4*fill*? 

JMrrs&s#&s*&i::i£ *#«7>^ (01 2 

(a) ) . ayifi>r>^ (012 (b) ) ftt'&fl 

icb. #fig«^tbT8aie[i»!ft^g*fijffl-r«). r© 

ft2 0 *ttflctm& t*T. SHSB tcR«M«t% a \z 

B. &fflKSipi . P2 *3itfp3 ©JS0f©^-ii6»J©^ 

u f ©fi&miE-r* c t fc-e^s. 
[0079] sst. «a»«#t»ra*©x»tt« 

t3e^fflfiCgtSr|5|S8LT^3E (0jjrtTf) SttT. ft 

39 a®)R#:©&gB©^gStfS*^»T. yU-A^V- 

«. rt*«*©#*fc«f H«*t1»&n*. Sft 

*»«ifc»ai-ntt. w^ifffi©ii*(fflW^ft;£H-fi!-r«. 
rt*i-e#-5. Kfa?aitjffl.agBi 6B. roi-stur 

gj-r-stro-cabs. h©ir. rns©ia»j!iatt. 

■J. XWX^ > WJit'*il^.S3>t!a.-^ggt < fco 
50 [0 0 8 0] et. X^^K^lC^bTfeiia 

H6fc*ixjtj:5fc, «a»«ff©»ift-r«aiacRR 

[00 8 1] (2. 2) «2©|dki1lCfft>««R 

0 1 3 a. *is©%wic^s«aKW©rti5ifffln-a!i 

40 2 4©WcAft&ttfl2OBtta»«#T*0. ■€•©« 

*ffi^c t^©si^ttm i ©&*fl©B*£i3i$mi i; 

*&. 013TB. ftdffi©07TSiWb*:'b© 
tl^-©«tBSfeOfe©lc07 tPI-©#^tB^*»ft 

[ 0 0 8 2 ] 3HR 2 *» 6©Bfje»ft<Wttl*3t*'f H 8 t 
SL-T$g8 2 4 fcAn&«tt©tt» 2 0 iCAW^n^. 

50 XAItttR^6ERpi . pj ^.ktXps ©ttRiCRVt 
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jtJt*-fH8, 9*5<£tfl OTSftStl, tfcffl$2 2© 
*©KBbfc#t&fflgg (HjRtt-f) TUHMWa. bfc 
.fctf c tC^&Sn, lfir-^H7SjHT, &K© 

ft*«ia« 1 6 lemons, m-wm i 6 (4. wis 
fctam^a, bSJctfcsfniffiSLT, *n*n«ia 
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